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that a tracing which omits certain contemporary adjuncts may easily be mistaken for a tracing from a modern atlas. With this portolan a man might navigate with certainty, by science and not by instinct. For a century and more its scope was limited to the well-known waters of the Mediterranean and the ocean coasts adjoining Gibraltar; but its possibilities of world extension were implicit, and the mentality that made and used it was a significant thing. The man of action was educating himself, not in the school of Ptolemy, but in that of experience.
Behind the portolan, and necessary to its use, lay the magnetic compass, whose adoption was general in the thirteenth century. Not long afterwards there evolved a simplified astrolabe and other instruments for measuring the altitude of heavenly bodies at sea. These may not have been prominent in Mediterranean navigation, which was largely a matter of dead reckoning and knowledge of coastlines, but they became indispensable to those who made open-water passages to the Atlantic islands. Effective ocean discovery, however, would hardly have been possible without another improvement, that of the ships themselves. Mediaeval shipping fell into two classes, the galley or oared craft, swift but fragile, and of limited range owing to the large crews required; and the nef or round-ship, capacious and seaworthy, but driven by a single square sail and needing a following wind. Galleys were uneconomic and unsafe without a shelter to run to in bad weather. Long ocean voyages were hardly practicable with them. In the round-ships men sailed north to the Iceland fishery and southward to the Canaries, but at terrible risk, for with the wind in sixteen points out of the thirty-two progress was impossible, and the end must often have been total loss of reckoning and death by hunger. Yet the risk was faced and the consequent death-rate accepted. Still, there was a limit to fortitude, and we can well believe that it would have been reached before men would habitually have undertaken voyages to the West Indies or the Guinea coast in such vessels. The progressive fifteenth century made the needed improvement. The three-masted ship came into being, with a weatherly hull and a combination of sails, and just as theoretical science was ready to reveal the ocean the shipping was also ready with which to master the discovery.
The Portuguese, it is sometimes forgotten, were the pioneers in the westward exploration of the Atlantic, as they were in the southward search of the African coast.1 The Spaniards were much less active, although
1 The reference is to effective discovery. There are records of earlier pioneers extending back to Hanno the Carthaginian, but their results were not incorporated into systematic knowledge.